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FUEL FILTER 



This invention relates to a filter for use in a fuel system suitable for use in 
supplying fuel to a compression ignition internal combustion engine. 

A filter is incorporated into the fuel system used with a compression ignition 
internal combustion engine in order to remove particulate contaminants from 
the flow of fuel to avoid the transmission of such contaminants to, for example, 
the high pressure fuel pump or the injectors of the fuel system. This is 
advantageous as the transmission of such contaminants may result in increased 
wear rates for components of the fuel system or in failure of the components. 

A typical filter comprises a filter head including connection ports connected to 
various parts of the fuel system and a filter bowl removably secured to the filter 
head and containing a filter medium. The filter medium may form part of a 
removable filter cartridge located within the filter bowl. 

During maintenance, the filter bowl is removed from the filter head and the 
filter medium is replaced. The bowl is then reattached to the filter head. A 
number of techniques are known for securing the filter bowl to the filter head. 
For example a bolt may extend through the filter head and bowl, a nut engaging 
the bolt to secure the filter head and bowl to one another. Alternatively, the 
filter bowl and head may be provided with formations which cooperate with 
one another to secure the filter head and bowl to one another. In either case, a 
seal arrangement must be provided to avoid fuel leakage between the filter 
bowl and head. 
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The provision of an arrangement for securing the filter head and bowl to one 
another and locating a seal arrangement therebetween results in the filter being 
of relatively complex form. 

Non serviceable filters in which the filter bowl and filter head are non- 
separable are known. GB 2121 696A discloses an oil filter, particularly for use 
with internal combustion engines, comprising a casing and an end cap made of 
thermoplastic material and welded together. These form a housing in which the 
filter element, and other components are contained. 

GB 2333245A discloses a filter head having a variable flow path and 
comprising a lower chamber, arranged to communicate with a central part of an 
associated filter, an upper chamber and a plurality of ports. The filter head may 
also comprise a temperature sensitive valve which controls the flow of fuel 
from the high pressure fuel pump back to the filter head. 

According to the present invention there is provided a fuel filter comprising a 
filter body defining an internal chamber within which a filter medium is 
located, the filter body being of multi-part construction, the parts of the filter 
body being non-removably, sealingly secured to one another, the filter body 
being shaped to define an inlet port and an outlet port communicating with dirty 
and clean sides of the filter medium, respectively. 

The filter body is preferably a plastics moulded filter body. 
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As the parts of the filter body are not intended to be separable, replacement of 
the filter medium during servicing requires replacement of the whole filter. As 
the filters are pre-assembled, no action needs to be taken during servicing to 
ensure that fuel leakage from the filter is to be avoided, servicing simply 
requiring the fuel lines connected to the ports to be removed, the filter replaced 
with a new filter, and the fuel lines connected to the new filter. The old filter 
can be discarded. 

The parts of the filter body are conveniently secured to one another using a 
friction welding technique. 

Conveniently the filter medium comprises a pleated paper filter member, a first 
end of which is bonded to a support plate located within the filter body, a 
second end of the filter member being bonded to the filter body. 
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The filter body may further define a second inlet port and a return port, and the 
filter may further comprise a temperature sensitive valve operable to control 
whether fuel entering the filter body through the second inlet port is supplied to 
the dirty side of the filter medium or supplied to the return port for return to a 
fuel reservoir. Hie valve conveniently comprises a ball valve, the valve 
member of which is moveable under the influence of a bimetallic element. 
Such a valve permits relatively hot fuel to be directed towards the filter medium 
to reduce fuel waxing under cold engine operating conditions. Further, as the 
relatively hot fuel has already been filtered, prior to being supplied to the pump 
and returned to the filter, it is unlikely to contain wax particles. This type of 
valve may also be used in conventional filter arrangements. 

The invention will further be described, by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a sectional view of a filter in accordance with an embodiment; and 

Figure 2 is another sectional view of the filter of Figure 1. 

The filter illustrated in the accompanying drawings comprises a two piece 
plastics moulded filter body 10 which comprises a lower part or bowl 10a and 
an upper part or cap 10b. The upper and lower parts 10a, 10b are designed in 
such a manner as to be non-removably, sealingly securable to one another using 
a friction welding technique. The upper part 10b is shaped to define four 
integral connection ports in the form of connection nipples. The ports comprise 
a first inlet port 1 1 , a second inlet port 12, an outlet port 13 and a return port 14. 
Each port is designed for connection to a fuel line or pipe, the first inlet port 1 1 
being arranged to be connected to an inlet pipe which communicates with a low 



BEST AVAILABLE COPY 



00/59602 PCT/GB00/01253 



pressure fuel reservoir, the second inlet port 12 being connected to a line 
whereby excess fuel is returned to the filter from a high pressure fuel pump or 
from the backleak passages of the fuel injectors of the fuel system. The outlet 
port 13 is connected to the inlet of a high pressure fuel pump, and the return 
line 14 is arranged to permit the return of fuel from the filter to the low pressure 
fuel reservoir. 

The filter body 10 defines a volume 15 within which a filter medium 16 is 
located. The filter medium comprises a pleated paper filter member which is of 
star-like form in cross-sectional shape. The filter medium 16 is supported, at its 
lower end, by a lower support plate 17, the outer periphery of which engages 
the inner surface of the lower part 10a. The upper end of the filter medium 16 
is bonded to the inner surface of the upper part 10b of the filter body 10. The 
manner in which the filter medium 16 is bonded to the filter body 10 and lower 
support plate 17 is such that fuel can only flow from the outer periphery of the 
filter medium 16 (the dirty side) to an inner part of the filter medium 16 (the 
clean side) by flowing through the filter medium 16. The outlet port 13 
communicates with the clean side of the filter medium 16. As the filter 
medium 16 is bonded directly to the filter body 10, the provision of an upper 
support plate can be avoided. 

A downwardly depending tubular member 1 8 is secured to the inner surface of 
the upper part 10&, the tubular member 1 8 being coaxial with the outlet 13. 
The provision of the tubular member 18 serves to force fuel to flow in a 
downward direction prior to entering the tube 1 8, the fuel subsequently flowing 
to the outlet port 13. Any air which is carried with the flow of fuel will tend to 
rise due to its lower density than the fuel and will tend to collect in the upper 
part of the filter body 10, very little of the air flowing downwardly with the 
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flow of fuel to enter the tubular member 18. The tubular member 1 8 is 
provided, adjacent its upper end, with one or more small openings 19 through 
which air is able to pass at a low rate to continue with the flow of fuel from the 
filter, in use, as a stream of small bubbles. It is thought that the flow of air as a 
stream of small bubbles is unlikely to cause the performance of components 
downstream of the filter, for example the high pressure fuel pump, to be 
impaired compared to the case where relatively large bubbles of air flow from 
the filter at an uncontrolled rate. 

The filter body 10 defines a side chamber 20 which communicates with the 
volume 15 through openings (not shown) provided in either the upper part or 
the lower part of the filter body 1 0. The first inlet port 1 1 communicates with 
the side chamber 20, thus fuel flowing to the filter body 10 through the first 
inlet port 1 1 will be supplied through the side chamber 20 to the volume 15, the 
fuel subsequently flowing through the filter medium to the outlet port 13. 

As illustrated in Figure 2, a bimetallic member 2 1 is located within the side 
chamber 20, the bimetallic member 21 being arranged to flex depending upon 
the temperature of the fuel within the side chamber 20. The bimetallic member 
2 1 is shaped to cooperate with a spherical valve member 22 which is 
engageable with a seating 23 to control communication between the second 
inlet port 12 and the side chamber 20. The bimetallic member 21, valve 
member 22 and seating 23 together constitute a temperature controlled diverter 
valve. The bimetallic member 2 1 is arranged such that, when the fuel 
temperature within the side chamber 20 is low, the bimetallic member 21 
occupies the position illustrated in Figure 2 in which the spherical valve 
member 22 is lifted from the seating 23, and thus communication is permitted 
between the second inlet port 12 and the side chamber 20. As the temperature 



BEST AVASLABLE COPY 



WO 00/59602 PCT/GBOO/01253 



of the fuel within the side chamber 20 increases, the bimetallic member 21 will 
flex in a downward direction, thus permitting movement of the valve member 
22 towards its seating, restricting foel flow from the second inlet port 12 to the 
side chamber 20, and a point will be reached beyond which the valve member 
22 is able to engage the seating 23, breaking the communication between the 
second inlet port 12 and the side chamber 20. 

The second inlet port 12 farther communicates with the return port 14, a non- 
return valve in the form of a valve member 24 which is resiliently biased by a 
spring 25 into engagement with a seating 26 conveniently being provided to 
ensure that fuel is able to flow from the second inlet port 12 to the return port 
14, but to substantially prevent fuel and/or gas or vapour flow in the reverse 
direction. The valve member 24 of the non-return valve conveniently 
comprises a plate formed of rubber or a rubber-like material. It will be 
appreciated, however, that the valve member may be of other forms. Similarly, 
the valve member 22 of the diverter valve may be of a shape other than a 
spherical shape. 

In use, with the ports connected to appropriate fuel lines, operation of the high 
pressure fuel pump or a low pressure fuel pump located intermediate the filter 
and the high pressure fuel pump will result in fuel being drawn from the filter 
through the outlet port 13, and as a result, the fuel pressure at the clean side of 
the filter medium 16 will fall. The reduced fuel pressure at the clean side of the 
filter member 16 will result in fuel being drawn from the side chamber 20 to the 
volume 15 and through the filter medium 16. The action of fuel being drawn 
from the side chamber 20 will cause fuel to be drawn from the fuel reservoir 
through the first inlet port 1 1 to the side chamber 20. Further, if the fuel 
temperature within the side chamber 20 is relatively low as would occur upon 
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initial engine start-up under certain atmospheric conditions, then the bimetallic 
member 21 will occupy a position similar to that illustrated in Figure 2 in 
which it ensures that the valve member 22 is spaced from its seating 23. In this 
position, the relatively low pressure within the side chamber 20 will further 
result in fuel from the second inlet port 12 being drawn towards the side 
chamber 20. The fuel from the second inlet port 12 is relatively warm as it has 
been passed through the high pressure fuel pump. It has also been filtered prior 
to being supplied to the fuel pump. The supply of such warm, filtered fuel to 
the side chamber 20 and volume 15 will result in the fuel temperature applied 
to the filter medium 16 being relatively high, and thus the risk of the formation 
of wax particles within the fuel which may cause choking of the filter medium 
16 is reduced. As the fuel temperature within the side chamber 20 increases, 
the bimetallic member 21 will flex in a downward direction, and the spherical 
valve member 22 will move towards its seating 23, thus restricting the return of 
fuel from the second inlet port 12 to the side chamber 20, this flow eventually 
ceasing. Thus, the proportion of the fuel supplied to the filter medium from the 
fuel reservoir through the first inlet port 1 1 will gradually rise. 

The provision of the diverter valve leads to the back pressure on the line 
connected to the second inlet port 12 being very low, and as the valve gradually 
moves between its fully open and closed positions, the valve does not cause 
sudden significant variations in the back pressure which could adversely affect 
operation of the fuel injection equipment connected to this line. 

The provision of the non-return valve between the second inlet port 12 and the 
return port 14 is particularly advantageous when the spherical valve member 22 
is lifted from its seating as, in the absence of such a non-return valve, in 
addition to drawing fuel from the second inlet port 12 to the side chamber 20, if 
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the end of the passage or fuel line remote from the end which is connected to 
the return port 14 is not permanently submerged in fuel, then air or vapour may 
be drawn into the side chamber 20. Where the line connected to the return port 
14 is continuously submerged, then the provision of the non-return valve is of 
less importance. Indeed, where the provision of the non-return valve can be 
avoided, then it will be appreciated that the location of the return port 14 in the 
upper part of the filter body 10 results in the provision of a permanent air vent 
whereby air can be bled to the fuel tank. 

As described hereinbefore, during operation of the filter, air will tend to 
accumulate within the upper part of the chamber 15 rather than passing in an 
uncontrolled manner in the form of large bubbles through the outlet port 13. 
The air collected in the upper part of the filter body 10 will continue with the 
flow of fuel in a controlled manner in the form of a stream of small air bubbles, 
the formation of the small air bubbles resulting from the passage of the air 
through the small openings 19. 

In addition to the separation of air from the fuel, water and other relatively 
dense contaminants will tend to separate from the fuel, these contaminants 
tending to flow in a downward direction, passing between the lower support 
plate 17 and the lower part 10a through openings 17a provided in the outer 
periphery of the lower support plate 17, the water and dense contaminants 
collecting in the bottom of the lower part 10a. If desired, a drainage hole may 
be provided in the lower part 10a, the drainage hole being closed by an 
appropriate plug in use, the plug being removed at appropriate intervals to 
permit the drainage of water and dense contaminants from the body 10. 
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The operation which must be performed upon servicing in order to replace the 
filter medium is relatively simple compared to the operations necessary with 
conventional filters in that all that is required is for the fuel lines to be removed 
from the ports, the filter body 10 removed and replaced with a fresh filter body 
containing a fresh filter medium, and the fuel lines connected to the ports of the 
new filter body 10. As the parts of the filter body 10 are non-removably, 
sealingly secured to one another during manufacture, no steps need to be 
performed during the servicing procedure to secure the various parts of the 
filter to one another or to ensure that an appropriate seal is formed. 

Although the description hereinbefore is of a filter having a filter medium of 
star-like, pleated paper form, and incorporating a temperature sensitive diverter 
valve for the avoidance of choking of the filter due to the wax formation, and 
air management facilities, it will be appreciated that depending upon the 
application in which the filter is to be used, modifications can be made to the 
filter to omit or alter the form of the various parts of the filter. Further, any 
shape can be chosen for the filter body, the choice of shape not being limited by 
the need to provide a seal arrangement 

The diverter valve illustrated in Figure 2 may also be incorporated within a 
conventional filter head, if desired, and this patent application extends to the 
use of such a diverter valve in a typical filter head. 
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